The direct sequencing of PCR products, a bacterial colony (plasmid DNA), or phage plaque ( λ DNA) is a very powerful technique applicable to several molecular biological experiments. In particular, the sequencing of plasmid DNA directly from within bacterial colonies provides a rapid screening method to confirm the orientation of DNA inserts. Similarly, the direct sequencing of λ DNA within plaques offers rapid screening of genomic and cDNA libraries. Recently, the use of the BigDye ™ terminator (Applied Biosystems, Foster City, CA, USA) in the direct sequencing of plasmid DNA (2, 5, 6) and λ phage (4,6) has been reported. However, our direct sequencing efforts occasionally failed because of the presence of agarose gel containing LB medium in the sequencing reaction mixtures. PCR-inhibitory components found within blood cells have been characterized (1) . To our knowledge, the inhibitory effects of LB medium and agarose on DNA polymerase activity have not been reported. In this study, we present the results of a semiquantitative investigation of the effects of agarose and LB medium on the direct sequencing reaction.
LB medium (Table 1) was tested in a standard reagent mixture containing 2 µ L 0.4 µ g pGEM-3Zf(+), 2 µ L 6.4 pmol -21M13 primer, BigDye Terminator Ready Reaction Mix (6 µ L; Applied Biosystems), LB medium, and double-distilled water to a total volume 15 µ L. PCR was carried out using a GeneAmp ® PCR System 9700 (Applied Biosystems) at 94°C for 1 min, followed by 25 cycles of 96°C for 30 s, 50°C for 15 s, and 60°C for 2.5 min. Mixtures were then centrifuged through a Sephadex ® G50 spin column (Amersham Biosciences, Piscataway, NJ, USA) using a microcentrifuge at 730 × gfor 2 min to remove unincorporated dye-labeled terminators. PCR products were then recovered by ethanol/sodium acetate precipitation. Precipitated DNA was resuspended in 20 µ L Template Suppression reagent and then subjected to sequence analysis using an ABI P RISM ® 310 Genetic Analyzer (Applied Biosystems).
Agarose gel (ultraPURE ® agarose; Invitrogen, Carlsbad, CA, USA) ( Table  2 ) was tested in a standard reagent mixture containing 2 µ L 0.4 µ g pGEM3Zf(+), 2 µ L 6.4 pmol -21M13 primer, 6 µ L BigDye Terminator Ready Reaction Mix, and 3 µ L double-distilled water. PCR was carried out using a GeneAmp PCR System 9700 at 94°C for 1 min, followed by 25 cycles of 96°C for 30 s, 50°C for 15 s, and 60°C for 2.5 min. Mixtures were then centrifuged through a Sephadex G50 spin column using a microcentrifuge at 730 × gfor 2 min to remove unincorporated dye-labeled terminators. PCR products were then recovered by ethanol/sodium acetate precipitation. Precipitated DNA was resuspended in 20 µ L Template Suppression reagent according to the instruction manual and then subjected to sequence analysis using an ABI P RISM310 Genetic Analyzer.
In an effort to establish optimal conditions for the direct sequencing of plasmid DNA within bacterial colonies or λ DNA within single-phage plaques, a semi-quantitative investigation of the inhibitory effects of LB medium and agarose gel was carried out. It was found that LB medium concentrations greater than 13.3% inhibited the sequencing reaction (Table 1 ). It was found that agarose gel concentrations greater than 0.2% inhibited the sequencing reaction ( Table 2 ). While Gibb and Wong (3) found that PCR amplification of the β -globin gene was inhibited by 0.033% agar, Setterquist and Smith (7) reported the successful amplification of the HIV-1 gaggene using 0.05% agarose-encapsulated PCR reagents. It is difficult to make comparisons because agarose is a purified substance isolated from agar. Therefore, perhaps less agar is required to inhibit DNA polymerase reactions, yet it is proposed that reactions with DNA polymerases would be inhibited at agarose concentrations greater than 0.2%. At these concentrations, agarose would exist in a partly set gel state, thus making for suboptimal reaction conditions. Additionally, we investigated the effect of LB medium in the presence of agarose. We found that amounts greater than 2 µ L 1.5% agarose in the presence of LB medium (final concentrations, 11.8% LB medium and 0.17% agarose) inhibited the sequencing reaction. We conclude that the direct sequencing of plasmid DNA within bacterial colonies (5) and of λ DNA within single-phage plaques (re-cycle-sequencing) (4) would be more successful if the LB medium and agarose concentrations were less than 20% and 0.15%, respectively. Site-directed mutagenesis (SDM) is an important technique for studying the structure/function relationship of proteins and DNAs. During the last decade, several strategies have been developed to simplify this technique and to increase its efficiency (7) . The yield of mutated clones varies, usually ranging from 20% to 80%. An important obstacle that lowers the efficiency of SDM is the presence of trace amount of template. For this reason, SDM protocols generally include a selection method to obtain high mutagenesis efficiency. Thus, the selection methods developed to reduce the background of parental DNA include the use of DNA templates containing deoxyuracil, which is selectively degraded by the treatment with uracil-DNA glycosylase (UDG) in vitro (1) or by the incubation in a strain containing the UDG gene (5, 6) . Other techniques include the incorporation of unnatural nucleotides (10), modification of a unique restriction site in the newly synthesized strand to confer resistance to in vitro digestion with nucleases (3), or alteration of β -lactamase specificity, resulting in the increased hydrolytic activity against an extended spectrum of penicillins and cephalosporins (2) . The QuikChange ™ Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA), a widely used PCR-based system, makes use of two complementary mutagenic primers to amplify the entire plasmid in a single PCR and of Dpn I (recognition sequence: 5 ′ -G m6 ATC-3 ′ ) to digest selectively the methylated PCR template plasmid (4, 6, 8, 9, (11) (12) (13) .
In the present study, we developed a new method for SDM that employs recombination of the ampicillin resistance gene ( β -lactamase, amp) encoded in cloning or shuttle vectors as a tool for the selection pressure. Figure 1 shows an overview of our strategy to develop a simple SDM technique. To introduce a mutation into a target plasmid, two con - 
